Optimum reaction conditions at 30#{176} ± 0.5#{176} for two continuous spectrophotometric assay procedures, lactate to pyruvate (L-P) and pyruvate to lactate (P-L), were determined with respect to pH at 30#{176} (pH30) substrate concentration, and coenzyme concentration for the human LDH isoenxymes.
Results

Completeness of lsoenzyme Separation and Isolation
The 
Stability of lsoenzymes
The heart preparation was relatively stable, while tile liver preparation showed some loss of activity during purificatioii and storage. Stability studies under assay conditions show'ed there was no significant inactivation of LDH1 or LDH5 in either assay mixture incubated at 30#{176} ± 0.5#{176} without substrate for a period of at least 1 hr. (Table  1 by barbital.
Activity-pH3,, Relationship
The optima were determined for the individual isoenzymes for the P L method. These solutions for tile assay procedure were made Incubation time before for each of tile isoenzvmes tested.
Comparative Study of the Two Procedures
A series of 31 serum samples from patients with normal and abnormal LDH levels were assayed in duplicate by each of the two procedures, (Fig. 8) . 
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Discussion
Human heart and liver were selected as sources for the LDH isoenzymes because of the high concentrations of Li)H1 and Li)H5, respectively, in these two tissues, and the marked increases of LDH activities in serum of patients afflicted with certain diseases of these two organs. The bulk of the LDH activities was associated with the supernatant fraction after differelitial centrifugation of the crude tissue homogenates. Both the total, as well as the relative order of magnitude, of activities of the heart and liver samples were in general agreement with the values reported by Wilkinson (14).
Most of the heart activity was associated with the anodal migrating Isoenzymes 1 amid 2, and most of tile liver activity was associated with the cathoc1aI migrating lsoenzymes 3, 4, amid 5.
Certain of tile reaction variables were found to be independent of tile type of isoenzyme analyzed. The pH3,, optima of tile LDH isoenzymes were nearly independent of the isoenzyme employed in the P -* L procedure.
Greater than 96% of maximal activity could be measured for each isoenzyme between pH3,, 7.20 and 7.40 (Fig. 1) . II! contrast, in the L -* P procedure the pH3,, optima varied with tile isoenzymne studied ranging from pH30 8.30 for LDH5 to 8.88 for LDH1. In spite of this variation, at an assay pH3,, of 8.55, greater than 96% of maximal activity could be measured for any isoenzyme (Fig. 2 ). The same figure shows that pH control is critical in this procedure owing to the rapid loss of activity which occurs as pH3,, 9.0 is approached. (Fig. 3 ). This range includes the concentration used in the L -P reference method (1.2) and that published by Vesehl (15). For the P -* L method, within the range of activity near the upper limit of normal, more tran 96% of maximal activity could be measured for any one of the isoenzymes at a substrate concentration of 1.2 X 10 M (Fig. 4) . This is close to the pyruvate concentrations of 8.4 X 10 M and 9.1 X 10 M used in the P -L reference method
and the modification used in the present paper, respectively. The latter value, however, should be optimal for a normal serum sample in which LDH1 and LDH2 predominate (Fig. 3) . Obviously, another choice as to "optimal" substrate concentration could be made depending on the isoenzyme makeup of the specimen being analyzed, e.g., heator inhibitor-treated serum in which one or more isoenzymnes are selectively removed.
Confirming tile work of previous investigators (8), tile substrate optima in the 1' L reaction were found to be dependent upon pH. For the LDH1 isoenzyme, a pyruvate concentration of 5.0 X 10 M was optimal at pH30 6.70, while a pyruvate concentration of 7.0 X i0 M was optimal at pH3,, 7.36 (Fig. 5A) . Some of the differences in substrate optima reported in the literature (8, 11, 16-22) for human serum, heart, and LDH1 might be explained on this basis. Small changes in reduced NAD concentration at any one pH do not affect the pyruvate optimum (Fig. 5B) but even here (as shown in Fig. 6 ) the optimum comicentration would be rapidly approached during the course of the assay reaction.
In the L -P method, NAD was optimal over the same broad concentration range (6.0 X 10 I1 to 1.7 X 102 i\I) for each of the isoenzymes tested. This range was slightly higher than the NAD concentration used in tile L -p P reference procedure (12) as seen in Fig. 7 . The optimal reaction conditions for tile individual isoenzymes, as well as the reaction conditions employed in the reference methods, are listed in Table 2 . In addition to these values, tile reaction conditions are listed that would yield a minimal variation in activity due to differences in isoenzyme content in serum samples.
The point of major signficance to be derived from Table 2 is that a set of reaction conditions can be selected which would approach optimal activity with any distribution of isoenzymes. Such a selection would yield greater than 90% of maximum activity for any distribution by the L -p P method, and greater than 90% of the maximum activity at the upper limit of normal for the P -L method. Tile reaction conditions employed in the two reference procedures (11, 12) fall close to these two sets of reaction conditions ( Table 2) .
Results of the isoenzyme studies depict the complexities which underlie any claim for tile establishment of optimal conditions for total 
